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Chapter 6
Additional Environmental Improvement Opportunities

This chapter of the Cleaner Technologies Substitute Assessment (CTSA) identifies and
qualitatively discusses techniques that can be used by printed wiring board (PWB) manufacturing
facilities to prevent pollution, minimize waste, recycle and recover valuable resources, and
control releases.  The Pollution Prevention Act of 1990 set forth the following hierarchy to waste
management in order of desirability:

C Pollution prevention at the source.
C Recycling in an environmentally safe manner.
C Treatment in an environmentally safe manner.
C Disposal or other release into the environment only as a last resort and in an

environmentally safe manner.

This hierarchy has been adopted by EPA as the preferred method of waste management to
reduce or eliminate potential releases by industry.  The hierarchy reflects the common sense
notion that preventing pollution is preferable to any subsequent response, be it recycling,
treatment, or disposal.  By preventing pollution we also eliminate potential transfers of the
pollution across media (Kling, 1995).

The hierarchy also recognizes that pollution prevention is not always feasible and that
other waste management methods are often required.  When pollution prevention is not feasible,
we should turn in order to recycling, treatment, and finally disposal if no other option remains.  A
manufacturing facility often combines pollution prevention techniques with these other
approaches to effectively reduce emissions from a production process.  While pollution
prevention is clearly the most desirable, all of these methods contribute to overall environmental
improvement (Kling, 1995).

This chapter focuses on the application of the waste management hierarchy to potential
waste streams generated by the making holes conductive (MHC) process of the PWB industry. 
Techniques are identified, organized, and presented in an order corresponding to the hierarchy. 
Pollution prevention techniques are presented in Section 6.1, while methods for minimizing
waste, recycling or recovering resources, and controlling releases are presented in Section 6.2. 
While the focus of this chapter is on the MHC line, many of the techniques described here can be
applied to other processes used in PWB manufacturing.  A series of pollution prevention case
studies developed by the EPA DfE Program for the PWB industry present examples of the
successful implementation of techniques available to industry (EPA, 1995a; EPA, 1995b; EPA,
1996a; EPA, 1996b; EPA, 1996c).
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6.1  POLLUTION PREVENTION

Pollution prevention, defined in the Pollution Prevention Act of 1990, is the reduction in
the amounts or hazards of pollution at the source and is often referred to as source reduction. 
Source reduction, also defined in the Pollution Prevention Act, is any practice which:  1) reduces
the amount of any hazardous substance, pollutant, or contaminant entering any waste stream or
otherwise released into the environment (including fugitive emissions) prior to recycling,
treatment, or disposal; and 2) reduces the hazards to public health and the environment
associated with the release of such substances, pollutants, or contaminants.  Source reduction
includes equipment or technology modification, process or procedure modifications,
reformulation or redesign of products, substitution of raw materials, and improvements in
housekeeping, maintenance, training, or inventory control.

Current pollution prevention practices within the PWB industry were identified and data
were collected through contact with industry personnel, extensive review of published accounts,
and through the design and dissemination of two information requests to PWB manufacturers. 
The IPC Workplace Practices Questionnaire, conducted as part of this CTSA, specifically
focused on the MHC process to identify important process parameters and operating practices for
the various MHC technologies.  For a breakdown of respondents by alternative, refer to Section
1.3.4 of the Introduction.  Facility characteristics of respondents are presented in Section 3.2,
Exposure Assessment.  The questionnaire used in the IPC Workplace Practices Questionnaire is
presented in Appendix A.

The Pollution Prevention and Control Technology Survey (hereafter referred to as the
Pollution Prevention Survey) was designed to collect information about past and present
pollution prevention procedures and control technologies for the entire PWB manufacturing
process.  This Survey was performed by the DfE PWB Project and is documented in the EPA
publication, Printed Wiring Board Pollution Prevention and Control:  Analysis of Survey Results
(EPA, 1995c).  The Survey results presented periodically throughout this chapter are compiled
from responses to the Pollution Prevention Survey unless otherwise indicated.  Results from the
Pollution Prevention Survey pertaining to recycle or control technologies are presented in Section
6.2 of this chapter.

 Opportunities for pollution prevention in PWB manufacturing were identified in each of
the following areas:

C Management and personnel practices.
C Materials management and inventory control.
C Process improvements. 

The successful implementation of pollution prevention practices can lead to reductions in
waste treatment, pollution control, environmental compliance, and liability costs.  Cost savings
can result directly from pollution prevention techniques that minimize water usage, chemical
consumption, and process waste generation.
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6.1.1  Management and Personnel Practices

Pollution prevention is an ongoing activity that requires the efforts of both management
and employees to achieve the best results.  While management’s commitment to reducing
pollution is the foundation upon which a successful pollution prevention program is built, any
pollution prevention measures taken are ultimately implemented by the process employees,
making them an integral part of any pollution prevention effort.  Management and employees
must work together to form an effective pollution prevention program.

Approximately half (52.6 percent) of the PWB companies responding to the Pollution
Prevention Survey reported having a formal pollution prevention policy statement while half (50
percent) of the survey respondents reported having a pollution prevention program.  Over two
thirds (68.4 percent) of PWB companies surveyed reported conducting employee education for
pollution prevention.

The scope and depth of pollution prevention planning and the associated activities will
vary with the size of the facility.  While larger facilities may go through an entire pollution
prevention planning exercise (as described below), smaller facilities may require as little as a
commitment by the owner to pollution prevention along with cooperation and assistance from
employees to meet any stated goals.  A list of management and personnel practices that promote
pollution prevention, along with their benefits, are listed in Table 6.1.

Table 6.1  Management and Personnel Practices Promoting Pollution Prevention
Method Benefits

Create a company pollution prevention and waste
reduction policy statement.

Communicates to employees and states publicly the
company commitment to achieving pollution
prevention and waste reduction goals.

Develop a written pollution prevention and waste
reduction plan.

Communicates to employees how to accomplish the
goals identified in the company’s policy statement. 
Identifies in writing specific implementation steps 
for pollution prevention.

Provide periodic employee training on pollution
prevention.

Educates employees on pollution prevention
practices.

Make employees accountable for their pollution
prevention performance and provide feedback on
their performance.

Provides incentives to employees to improve
pollution prevention performance.

Promote internal communication between
management and employees.

Informs employees and facilitates input on pollution
prevention from all levels of the company.

Implement total cost accounting or activity-based
accounting system.

Identifies true costs of waste generation and the
benefits of pollution prevention.

A company’s commitment to pollution prevention begins with a pollution prevention and
waste reduction policy statement.  This statement, which is the company’s public proclamation of
its dedication to preventing pollution and reducing waste, should clearly state why a program is
being undertaken, include specific pollution prevention and waste reduction goals, and assign 
responsibility for accomplishing those goals.  The statement details to the public and to its
employees the depth of the company’s commitment to pollution prevention.
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A pollution prevention plan is needed to detail how the pollution prevention and waste
reduction goals described in the company’s policy statement will be achieved.  The pollution
prevention plan builds on the company’s policy statement by:

C Creating a list of waste streams and their point sources.
C Identifying opportunities for pollution prevention.
C Evaluating and prioritizing waste reduction options.
C Developing an implementation strategy for options that are feasible.
C Creating a timetable for pollution prevention implementation.
C Detailing a plan for measuring and evaluating pollution prevention and waste reduction

progress.

The plan is best developed with input drawn from the experiences of a team of people
selected from levels throughout the company.  The team approach provides a variety of
perspectives to pollution prevention and helps to identify pollution prevention opportunities and
methods for implementing them.  Team members should include representatives from
management, supervisory personnel, and line workers who are familiar with the details of the
daily operation of the process.  The direct participation of employees in the development of the
pollution prevention plan is important since it is the employees who are responsible for 
implementing the plan.

 Data should be collected by performing a waste minimization assessment on the
company or process being targeted.  Once identified, pollution prevention options should be
evaluated and prioritized based on their cost, feasibility of implementation, and their overall
effectiveness of reducing waste.  After an implementation strategy and timetable is established,
the plan, along with expected benefits, should be presented to the remaining company employees
to communicate the company’s commitment to pollution prevention.

Once the pollution prevention plan has been finalized and implementation is ready to
begin, employees must be given the skills to implement the plan.  Training programs play an
important role in educating process employees about current pollution prevention practices and
opportunities.  The goal of the training program is to educate each employee on how waste is
generated, its effects on worker safety and the environment, possible methods for waste
reduction, and on the overall benefits of pollution prevention.

Employee training should begin at the time of new employee orientation, introducing
them to the company’s pollution prevention plan, thus highlighting the company’s dedication to
reducing waste.  More advanced training focusing on process operating procedures, potential
sources of release, and pollution prevention practices already in place should be provided after a
few weeks of work or when an employee starts a new position.  Retraining employees
periodically will keep them focused on the company’s goal of pollution prevention.

Effective communication between management and employees is an important part of a
successful pollution prevention program.  Reports to employees on the progress of implementing
pollution prevention recommendations, as well as the results of actions already taken, reiterate
management’s commitment to reducing waste, while keeping employees informed and intimately 
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involved in the process.  Employee input should also be solicited both during and after the
creation of the pollution prevention plan to determine if any changes in the plan are warranted.

Assigning responsibility for each source of waste is an important step in closing the
pollution prevention loop.  Making individual employees and management accountable for
chemical usage and waste generated within their process or department provides incentive for
employees to reduce waste.  The quantity of waste generated should be tracked and the results
reported to employees who are accountable for the process generating the waste.  Progress in
pollution prevention should be an objective upon which employees will be evaluated during
performance reviews, once again emphasizing the company’s commitment to waste reduction.

Employee initiative and good performance in pollution prevention areas should be
recognized and rewarded.  Employee suggestions that prove feasible and cost effective should be
implemented and the employee recognized either with a company commendation or with some
kind of material award.  These actions will ensure continued employee participation in the
company’s pollution prevention efforts.

Implementing an activity-based or total cost accounting system will identify the costs of
waste generation that are typically hidden in overhead costs by standard accounting systems. 
These cost accounting methods identify cost drivers (activities) within the manufacturing process
and assign the costs incurred through the operation of the process to the cost drivers.  By
identifying the cost drivers, manufacturers can correctly assess the true cost of waste generation
and the benefits of any pollution prevention efforts.

6.1.2  Materials Management and Inventory Control

Materials management and inventory control focuses on how chemicals and materials
flow through a facility in order to identify opportunities for pollution prevention.  A proper
materials management and inventory control program is a simple, cost-effective approach to
preventing pollution.  Table 6.2 presents materials management and inventory control methods
that can be used to prevent pollution.

Table 6.2  Materials Management and Inventory Control Pollution Prevention Practices
Practice Benefits

Minimize the amount of chemicals kept on the floor
at one time.

Provides incentives to employees to use less
chemicals.

Manage inventory on a first-in, first-out basis. Reduces materials and disposal costs of expired
chemicals.

Centralize responsibility for storing and distributing
chemicals.

Provides incentives to employees to use less
chemicals.

Store chemical products in closed, clearly marked
containers.

Reduces materials loss; increases worker safety
by reducing worker exposure.

Use a pump to transfer chemical products from 
stock to transportation container.

Reduces potential for accidental spills; reduces
worker exposure.
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Controlling inventory levels and limiting access to inventory are widely used practices in
the PWB manufacturing industry (78.9 percent of Pollution Prevention Survey respondents). 
Keeping track of chemical usage and limiting the amount of chemicals on the process floor
provides process operators an incentive to use the minimum quantity of chemical required to do
the job.  Using chemicals on a first-in/first-out basis reduces the time chemicals spend in storage
and the amount of expired chemical that is disposed.  Some companies have contracted with a
specific chemical supplier to provide all of their process chemicals and manage their inventory. 
In exchange for the exclusive contract, the chemical supplier assumes many of the inventory
management duties including managing the inventory, material safety data sheets (MSDSs),
ordering the chemicals, distributing the chemicals throughout the plant, and disposing of spent
chemicals and packaging (Brooman, 1996).

Chemical storage and handling practices also provide pollution prevention opportunities. 
Ensuring that all chemical containers are kept closed when not in use minimizes the amount of
chemical lost through evaporation or volatilization.  When transferring chemicals from container
to container, utilizing a hand pump can reduce the amount of chemical spillage.  These simple
techniques not only result in less chemical usage representing a cost savings, but also result in
reduced worker exposure and an improved worker environment.

6.1.3  Process Improvements

Improving the efficiency of a production process can significantly reduce waste
generation at the source.  Process improvements include process or procedural changes in
operations carried out by employees, process equipment modification or automation, and
redesign of the process altogether.  Process improvements that lead to pollution prevention in the
MHC process are categorized by the following goals:

C Extend chemical bath life.
C Reduce water consumption.
C Improve process efficiency through automation.

Pollution prevention through process improvement does not always have to be expensive. 
In fact, some of the most cost-effective pollution prevention techniques are simple, inexpensive
changes in production procedures.  Process improvements that help achieve the goals listed
above, along with their benefits, are discussed in detail in the sections below.

Extend Chemical Bath Life

The MHC process involves the extensive use of chemicals, many of which are costly and
pose a hazard to human health and the environment.  Improvements in the efficient usage of
these chemicals can occur by accomplishing the following:

C Reducing chemical bath contamination.
C Reducing chemical bath drag-out.
C Improving bath maintenance.
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Inefficiencies in the use of chemicals can result in increased chemical usage, higher
operating costs, increased releases to the environment, and increased worker exposure. 
Techniques to improve the efficient use of chemicals by the MHC and other PWB process steps
are discussed in detail below.

Reduce Bath Contaminants.  The introduction of contaminants to a chemical bath will
affect its performance and significantly shorten the life of the chemical bath.  Bath contaminants
include chemicals dragged-in from previous chemical baths, chemical reaction by-products, and
particulate matter which may be introduced to the bath from the air.  Process baths are replaced
when impurities reach a level where they degrade product quality to an unacceptable level.  Any
measure that prevents the introduction of impurities will not only result in better bath
performance, but also will reduce chemical usage and generate less waste.  Table 6.3 presents
pollution prevention methods for reducing bath contamination.

Table 6.3  Pollution Prevention Practices to Reduce Bath Contaminants
Practices Benefits

Improve the efficiency of the water rinse system. Rinses off any residual bath chemistries and
dislodges any particulate matter from panels and
racks.

Use distilled or deionized water during chemical
bath make-up.

Reduces chemical contamination resulting from
water impurities.

Maintain and rebuild panel racks. Prevents the build-up of deposits and corrosion 
that can dislodge or dissolve into chemical baths.

Clean process tanks efficiently before new bath
make-up.

Prevents contamination of the new bath from
residual spent bath chemistries.

Utilize chemical bath covers when process baths 
are not in operation.

Reduces the introduction of unwanted airborne
particulate matter; prevents evaporation or
volatilization of bath chemistries.

Filter contaminants continuously from process
baths.

Prevents the build-up of any contaminants.

Thorough and efficient water rinsing of process panels and the racks that carry them is
crucial to preventing harmful chemical drag-in and to prolonging the life span of the chemical
baths.  The results of the IPC Workplace Practices Questionnaire indicate that nearly every
chemical bath in the MHC process is preceded by at least one water rinse tank.  Improved rinsing
can be achieved by using spray rinses, panel and/or water agitation, warm water, or by several
other methods that do not require the use of a greater volume of water.  A more detailed
discussion of these methods is presented in the reduced water consumption portion in this
section.

A rack maintenance program is also an important part of reducing chemical bath
contamination and is practiced by 87 percent of the respondents to the Pollution Prevention
Survey.  By cleaning panel racks regularly and replacing corroded metal parts, preferably with
parts of plastic or stainless steel, chemical deposition and build-up can be minimized. 
Respondents to the IPC Workplace Practices Questionnaire typically perform rack cleaning using
a chemical solution, usually acid.  Mechanical methods, such as peeling or filing away the
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majority of any metal deposits before applying a weak acid solution, can be used to prevent
pollution by reducing the quantity of acid required.  An added benefit is that the reclaimed metal
can be sold or reused in the process.

According to the IPC Workplace Practices Questionnaire, 42 percent of the respondents
reported using bath covers on at least some of their baths during periods when the MHC process
was not operating.  Respondents were not specifically questioned about the other methods for
reducing bath contamination described above; consequently, no information was collected.

Chemical Bath Drag-Out Reduction.  The primary loss of bath chemicals during the
operation of the MHC process comes from chemical bath drag-out (Bayes, 1996).  This loss
occurs as the rack full of panels is being removed from the bath, dragging with it a film of
chemical solution still coating the panels.  The drag-out is then typically rinsed from the panels
by a water rinse tank, making bath drag-out the primary source of chemical contaminant
introduction into the MHC rinse water.  In some cases, however, the panels are deposited directly
into the next process bath without first being rinsed (e.g., predip followed directly by palladium
catalyst in tin-palladium process).

Techniques that minimize bath drag-out also prevent the premature reduction of bath
chemical concentration, extending the useful life of a bath.  In addition to extended bath life,
minimizing or recovering drag-out losses also has the following effects:

C Requires less rinse water.
C Minimizes bath chemical usage.
C Reduces chemical waste.
C Requires less water treatment chemical usage.

Methods for reducing or recovering chemical bath drag-out are presented in Table 6.4 and
then discussed below.

The most common methods of drag-out control employed by respondents to the Pollution
Prevention Survey are slow panel removal from the bath (52.6 percent) and increased panel
drainage time (76.3 percent).  Removing the panels slowly from the bath allows the surface
tension of the solution to remove much of the residual chemical from the panels.  Most of the
remaining chemicals can be removed from the panel surfaces by increasing the time allowed for
the panels to drain over the process bath.  Briefly agitating the panels directly after being
removed from the tank can also help dislodge chemicals trapped in panel through-holes and
result in better drainage.  All three methods require no capital investment and when practiced
individually or in combination, these techniques are effective methods for reducing drag-out.

Drain boards catch drag-out chemicals that drip from panels as they are transported to the
next process step.  The chemicals are then returned to the original process bath.  Chemical loss
due to splashing can be prevented by the use of drip shields, which are plastic panels that extend
the wall height of the process tank.  Both drain boards and drip shields are inexpensive, effective
drag-out control options.  Unlike drip shields, however, space between process steps is required
to install drain boards, making them impractical where process space is an issue.
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Table 6.4  Methods for Reducing Chemical Bath Drag-Out
Methods Benefits

Remove panels slowly from process baths. Reduces the quantity of residual chemical on panel
surfaces.

Increase panel drainage time over process bath. Allows a greater volume of residual bath
chemistries to drip from the panel back into the
process bath.

Agitate panels briefly while draining. Dislodges trapped bath chemistries from drilled
through-holes.

Install drain boards. Collects and returns drag-out to process baths.

Install drip shields between process baths. Prevents bath chemical loss due to splashing.

Add static drag-out tanks/drip tanks to process line
where needed.

Recovers chemical drag-out for use in bath
replenishment.

Utilize non-ionic wetting agents in the process bath
chemistries.

Reduces surface tension of bath solutions, thereby
reducing residual chemicals on panel surfaces.

Utilize air knives directly after process bath in
conveyorized system.a

Blows residual process chemistries from process
panels which are recaptured and returned to 
process bath.

Decrease process bath viscosity. Reduces quantity of chemical that adheres to panel
surface.

Employ fog rinses/spray rinses over heated baths. Rinses drag-out from the panels as they are 
removed from the solution.

a  May not be a viable pollution prevention technique unless system is fully enclosed to prevent worker exposure to
bath chemicals introduced to the air.

Much of the chemical solution lost to drag-out can be recovered through the use of either
static drag-out tanks or drip tanks.  A static drag-out tank is a batch water bath that immediately
follows the process bath from which the drag-out occurs.  The panels are submerged and agitated
in the static rinse water, washing the residual chemicals from the panel’s surface.  When
sufficiently concentrated, the rinse water and chemical mixture can be used to replenish the
original bath.  Drip tanks are similar to static drag-out tanks except that they contain no water. 
The drip tank collects chemical drag-out which can then be returned to the process bath.  Static
drag-out tanks are most suitably used in conjunction with heated process baths which lose water
by evaporation, requiring frequent replacement.

Bath viscosity can be lowered by increasing bath temperature, decreasing bath
concentration, or both.  Both of these methods may negatively affect overall process performance
if done in excess, however, and the chemical supplier should be consulted.  In addition, increased
bath temperatures can increase chemical volatilization and worker exposure.  Energy
implications of higher temperature baths should also be considered and are discussed in Section
5.2.

Bath Maintenance Improvements.  The MHC process and other wet chemistry
processes in PWB manufacturing are series of complex, carefully balanced and formulated
chemical mixtures, each one designed to operate at specific conditions, working together to
perform an overall function.  A bath testing and control program is essential in preventing the
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chemical breakdown of process baths, thus extending their useful lives and preventing their
premature disposal.  The premature disposal of process chemistries results in increased chemical
costs for both bath and treatment chemicals, prolonged process down-time, and increased process
waste.

Bath maintenance, or control, refers to maintaining a process bath in peak operating
condition by identifying and controlling key operating parameters, such as bath temperature,
individual chemical concentrations, pH, and the concentration of contaminants.  Proper control
of bath operating parameters will result in more consistent bath operation, less water usage, and
better, more consistent quality of work.

According to Pollution Prevention Survey respondents, the majority of PWB
manufacturing facilities (92.1 percent) have a preventative bath maintenance program already in
place.  Typical bath maintenance methods and their benefits are presented in Table 6.5 below.

Table 6.5  Bath Maintenance Improvement Methods To Extend Bath Life
Methods Benefits

Monitor bath chemistries by testing frequently. Determines if process bath is operating within
recommended parameters.

Replace process baths according to chemical
testing.

Prevents premature chemical bath replacement of
good process baths.

Maintain operating chemical balance through
chemical additions according to testing.

Maintains recommended chemical concentrations
through periodic chemical replenishment as
required.

Filter process baths continuously. Prevents the build-up of harmful impurities that
may shorten bath life.

Employ steady state technologies. Maintains steady state operating conditions by
filtering precipitates or regenerating bath solutions
continuously.

Install automated/statistical process control system. Provides detailed analytical data of process
operating parameters, facilitating more efficient
process operation.

Utilize temperature control devices. Regulates bath temperatures to maintain optimum
operating conditions.

Utilize bath covers. Reduces process bath losses to evaporation and
volatilization.

Frequent monitoring and adjustment of the various chemical concentrations within a
process bath are the foundations on which a good bath maintenance program is built.  Monitoring
is done by regularly testing the bath concentrations of key chemicals to ensure that the bath is
chemically balanced.  If chemical concentrations are outside of the operating levels
recommended by the supplier, a volume of chemical is added to the bath to bring it back into
balance.  When the concentration of contaminants reaches an established critical level, or some
other criteria reported by the supplier, the bath is disposed of and replaced with a new bath.
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Bath testing and adjustment can be performed manually or with an automated system that
can perform both functions.  Either way, controlling the bath through regular testing and bath
additions is an inexpensive, effective method for extending bath life and reducing pollution. 
Nearly all of the PWB facilities surveyed (97.4 percent) report testing chemical bath
concentrations.

Bath replacement should be based upon chemical testing, instead of some other
predetermined criteria.  Predetermined criteria, such as times or production volumes, are often
given by suppliers as safe guidelines for bath replacement for facilities that do not regularly test
their process baths.  These criteria are conservative estimates of the effective life of the process
bath, but can be exceeded with a proper bath testing and maintenance program.  By replacing the
process bath only when chemical testing indicates it is required, bath life can be extended while
chemical usage and waste are reduced.  Most (92.1 percent) of the surveyed PWB facilities
reported replacing their process baths only when testing indicated.

The build-up of contaminants in a process bath will eventually require the bath to be
replaced.  Bath contaminants can be solid matter, such as particulate matter and precipitates, or
undesired chemical species in solution, such as reaction byproducts or drag-in chemicals.  An
effective method of extending bath life is to continuously filter the process bath to remove
undesired bath constituents.  Installing standard cartridge or bag filters which remove solid
impurities from the bath is another inexpensive, yet effective method to extend bath life.

Some baths may be maintained at steady state conditions using readily obtainable systems
capable of regenerating or filtering process bath chemistries.  For example, a system that
continuously filters the copper sulfate precipitate from peroxide-sulfuric microetch baths can be
used to maintain the microetch bath on a MHC process line, providing a recyclable precipitate. 
Regeneration techniques can be used to continuously regenerate both alkaline and cupric chloride
etchants.  Maintaining steady state conditions keeps a bath within the optimal operating
conditions resulting in extended bath life (Edwards, 1996).

Statistical process control (SPC) is a method of analyzing the current and past
performance of a process bath, using chemical testing results and operating condition records to
optimize future bath performance.  SPC will lead to more efficient bath operation and extended
bath life by indicating when a bath needs maintenance through the tracking and analysis of
individual operating parameters and their effect on past performance (Fehrer, 1996).  Only one
quarter (26.3 percent) of the survey respondents reported using a SPC system.

Many of the MHC process baths are heated, making temperature control an important
necessity for proper bath operation.  If bath temperature is not controlled properly, the bath may
not be hot enough to perform its function, or may become too hot, leading to chemical and water
losses due to evaporation or volatilization.  The bath chemicals that remain become more
concentrated, resulting in increased chemical loss to drag-out.  By installing thermostats on all
heated process baths, solution temperature will be kept constant, reducing waste generation and
chemical and energy use, and saving money through decreased energy use, chemical use, and
waste treatment costs.
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Another method of limiting evaporative losses from process baths is to cover the surface
of the solution with floating plastic balls that will not react with the process solution.  The plastic
balls, which do not interfere with the work pieces being processed, prevent the evaporation of the
bath solution by limiting the surface area of solution exposed to the air.  One facility uses ping
pong balls which are made from polystyrene to minimize losses from the electroless copper bath. 
Hexagonal-shaped balls are now available that leave even less surface area exposed to the air
(Brooman, 1996).  This method is especially effective for higher temperature process baths where
evaporative losses tend to be high.  This method is inexpensive, easy to utilize, and will decrease
the air emissions from the bath, limiting the amount of operator exposure to the chemicals.

Reduced Water Consumption

Contaminated rinse water is the primary source of heavy metal ions discharged to waste
treatment processes from the MHC process and other wet chemistry process lines (Bayes, 1996). 
These contaminants, which are introduced to the rinse water through chemical drag-out, must be
treated and removed from the water before it can be reused in the process or discharged to the
sewer.  Because rinsing is often an uncontrolled portion of the process, large quantities of water
are consumed and treated unnecessarily.  Reducing the amount of water used by the MHC
process has the following benefits:

C Decreases water and sewage costs.
C Reduces wastewater treatment requirements, resulting in less treatment chemical usage

and reduced operating costs.
C Reduces the volume of sludge generated from wastewater treatment.
C Improves opportunities to recover process chemicals from more concentrated waste

streams.

The MHC process line consists of a series of chemical baths, which are typically
separated by at least one, and sometimes more, water rinse steps.  These water rinse steps
account for virtually all of the water used during the operation of the MHC line.  The water baths
act as a buffer, dissolving or displacing any residual drag-in chemicals from the panels surface. 
The rinse baths prevent contamination of subsequent baths while creating a clean surface for
future chemical activity.

Improper rinsing does not only lead to shortened bath life through increased drag-in, as
discussed previously, but can also lead to a host of problems affecting product quality, such as
peeling, blistering and staining.  Insufficient rinsing of panels can lead to increased chemical
drag-in quantities and will fail to provide a clean panel surface for subsequent chemical activity. 
Excessive water rinsing, done by exposing the panels too long to water rinsing, can lead to
oxidation of the copper surface and may result in peeling, blistering, and staining.  To avoid
insufficient rinsing, manufacturers often use greater water flow rates than are necessary, instead
of using more efficient rinsing methods that reduce water consumption but may be more
expensive to implement.  These practices were found to be true among survey respondents, 
where facilities with low water and sewage costs typically used much larger amounts of water
than comparable facilities with high water and sewer costs.
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Many techniques are available that can reduce the amount of water consumed while
rinsing.  These techniques are categorized by the following:

C Methods to control water flow.
C Techniques to improve water rinse efficiency.
C Good housekeeping practices.

Flow control methods focus on controlling the flow of water, either by limiting the
maximum rate that water is allowed to flow into the rinse system, or by stopping and starting the
water flow as it is needed.  These methods seek to limit the total water usage while ensuring that
sufficient water is made available to cleanse the PWB panels.  Examples of these techniques
include the use of flow restrictors or smaller diameter piping to limit the maximum flow of
water, and control valves that provide water to the rinse baths only when it is needed.  Control
valves can be either manually operated by an employee, or automated using some kind of sensing
device such as conductivity meters, pH meters, or parts sensors.  All of the methods are effective
water reduction techniques that can be easily installed.

Pollution prevention techniques directed at improving water efficiency in the rinse system
seek to control or influence the physical interaction between the water and the panels.  This can
be done by increasing bath turbulence, improving water quality, or by using a more efficient rinse
configuration.  All of these methods, discussed below, seek to improve rinsing performance
while using less water.

Increasing bath turbulence can be accomplished through the use of ultrasonics, panel
agitation, or air sparging.  All of these agitation methods create turbulence in the bath, increasing
contact between the water and the part, thereby accelerating the rate that residual chemicals are
removed from the surface.  Agitating the bath also keeps the water volume well mixed,
distributing contaminants throughout the bath and preventing concentrations of contaminants
from becoming trapped.  However, agitating the bath can also increase air emissions from the
bath unless pollution prevention measures are used to reduce air losses.

Water quality can be improved by using distilled or deionized water for rinsing instead of
tap water that may include impurities such as carbonate and phosphate precipitates, calcium,
fluoride, and iron.  Finally, utilizing more efficient rinse configurations such as countercurrent
rinse stages, spray rinses, or fog rinses will increase the overall efficiency of the MHC rinse
system while reducing the volume of wastewater generated.  PWB manufacturers often use
multiple rinse water stages between chemical process steps to facilitate better rinsing.  The first
rinse stage removes the majority of residual chemicals and contaminants, while subsequent rinse
stages remove any remaining chemicals.  Counter-current or cascade rinse systems minimize
water use by feeding the water effluent from the cleanest rinse tank, usually at the end of the
cascade, into the next cleanest rinse stage, and so on, until the effluent from the most
contaminated, initial rinse stage is sent for treatment or recycle.

Good housekeeping practices focus on keeping the process equipment in good repair and
fixing or replacing leaky pipes, pumps, and hoses.  These practices can also include installing
devices such as spring loaded hose nozzles that shut off when not in use, or water control timers
that shut off water flow in case of employee error.  These practices often require little investment
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and are effective in preventing unnecessary water usage.  For a more detailed discussion on
methods of improving water rinse efficiency and reducing water consumption, refer to Section
5.1, Resource Conservation.

Improve Process Efficiency Through Automation

The operation of the MHC process presents several opportunities for important and
integral portions of the process to become automated.  By automating important functions,
operator inconsistencies can be eliminated allowing the process to be operated more efficiently. 
Automation can lead to the prevention of pollution by:

C Gaining a greater control of process operating parameters.
C Performing the automated function more consistently and efficiently.
C Eliminating operator errors.
C Making the process compatible with newer and cleaner processes designed to be operated

with an automated system.

Automating a part of the MHC process can be expensive.  The purchase of some
automated equipment can require a significant initial investment, which may prevent small
companies from automating.  Other costs that may be incurred include installing the equipment,
training employees, any lost production due to process down-time, and the cost of redesigning
other processes to be compatible with the new system.  Although it may be expensive, the
benefits of automation on productivity and waste reduction will result in a more efficient process
that can save money over the long run.

Installation of automated equipment such as a rack or panel transportation system,
chemical sampling equipment, or an automated system to make chemical additions can have a
major impact on the quantity of pollution generated during the day-to-day operation of the MHC
process and can also reduce worker exposure.  MHC process steps or functions that can be
automated effectively include:

C Rack transportation.
C Bath maintenance.
C Water flow control.

Rack transportation systems present an excellent opportunity for automation, due to the
repetitive nature of transporting panel racks.  Various levels of automation are available ranging
from a manually operated vertical hoist to a computer controlled robotic arm.  All of these
methods allow for greater process control over panel movement through the MHC process line. 
By building in drag-out reduction methods such as slower panel withdraw and extended drainage 
times into the panel movement system, bath chemical loss and water contamination can be
greatly reduced.

Automating bath maintenance testing and chemical additions can result in longer bath life
and reduced waste.  These systems monitor bath solutions by regularly testing bath chemistries
for key contaminants and concentrations.  The system then adjusts the process bath by making
small chemical additions, as needed, to keep contaminant build-up to a minimum and the process
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bath operating as directed.  The resulting process bath operates more efficiently, resulting in
prolonged bath life, less chemical waste, reduced chemical cost, and reduced drag-out.

Controlling rinse water flow is an inexpensive process function to automate.  Techniques
for controlling rinse water flow were discussed previously.  The reduction in fresh water usage as
a result of automating these techniques will not only reduce water costs, but will also result in
reduced treatment chemical usage and less sludge.

A conveyorized system integrates many of the methods described above into a complete
automated MHC system.  The system utilizes a series of process stages connected by a horizontal
conveyor to transport the PWB panels through the MHC process.  Drag-out is greatly reduced
due, in part, to the separate process stages, and to the vertical alignment of the drilled holes that
trap less chemicals.  Since drag-out is reduced, much less rinse water is required to cleanse the
panel surfaces, resulting in reduced water and treatment costs.  A single water tank is sufficient
between process baths where multiple stages may be required in a non-conveyorized process,
thus dramatically reducing the number of process stages required, resulting in a much shorter
cycle time and reduced floor space requirements.  The enclosed process stages limit evaporative
losses, reducing chemical costs, while also reducing the amount of chemical to which an
employee is exposed.  Several MHC alternative chemistry processes have been designed to
operate effectively using this type of conveyorized system.

A conveyorized system should also take advantage of other pollution prevention
techniques, such as water flow controllers, bath maintenance techniques and other methods
discussed throughout this module, to further reduce waste.  By integrating all of these methods
together into a single MHC system, the process operates more efficiently, reducing water and
chemical consumption, resulting in less process waste and employee exposure.

Segregate Wastewater Streams to Reduce Sludge Generation.  Another type of
process improvement to prevent pollution relates to segregating the wastewater streams
generated by MHC and other PWB manufacturers process steps.  The segregation of wastewater
streams is a simple and cost-effective pollution prevention technique for the MHC process.  In a
typical PWB facility, wastewater streams from different process steps are often combined and
then treated by an on-site wastewater treatment process to comply with local discharge limits.

Some waste streams from the MHC process, however, may contain chelating agents. 
These chelators, which permit metal ions to remain dissolved in solution at high pH levels, must
first be broken down chemically before the waste stream can be treated and the heavy metal ions
removed.  Treatment of waste containing chelators requires extra treatment steps or more active
chemicals to break down the chelating agents and precipitate out the heavy metal ions from the
remaining water effluent.  Because the chelator-bearing streams are combined with other non-
chelated streams before being treated, a larger volume of waste must be treated for chelators than
is necessary, which also results in a larger volume of sludge.

To minimize the amount of treatment chemical used and sludge produced, the chelated
waste streams should be segregated from the other non-chelated wastes and collected in a storage
tank.  When enough waste has been collected, the chelated wastes should be batch treated to
breakdown the chelator and remove the heavy metals.  The non-chelated waste streams can then
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be treated by the on-site wastewater treatment facility without additional consideration.  By
segregating and batch treating the chelated heavy metal wastes from other non-hazardous waste
streams, the volume of waste undergoing additional treatment is minimized and treatment
chemical usage and sludge generation reduced.


